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I Introduction
Highway systems deteriorate due to exposure to traffic loading and environmental
factors. In order to keep highways in good condition, maintenance and repair strategies
must be based on an informed knowledge of current pavement conditions. Visual
ohservation of pavement distress is the most common method for monitoring and
| evaluating pavement surface conditions. This has been traditionally performed by trained
engineers who walk or drive along the road and count the distresses. However, this visual
survey method takes too much time and effort, is too costly, and is often dangerous due to
exposure to traffic. |
Advances in video technology now make it possrble to wcapture and record
g ) pavement 1mages on high quahty medla to create a permanent vrsual record of the actual :
: pavement-condltlon. Over the past few decades, varrous types of photologgmg equlpment |
B have been devised by agencie:s«to collect and classifyprecisely all distresses yvhich may :
infiuence pavernent performanCe.i The ConnDOT pavement photologging.systemis one .
| of 'several | that’have been introdnced. The 'vehicles nsed 'forAConnDOT photolog"gingﬂ
system measure pavement roughness, highway geometrics, and records other:u'seﬁil
;numerical data such as location,_ date, time, and vehicle speed. Pavement surface images
are alsorecorded to provide a permanent visual record of the actual pavement ‘condition.
Once the images are recorded, they must be evaluated and rated by pavement - '
managemeht personnel to determine present pavement condition, and estabiish priorities
for improvements. ’- The rating scheme that is currently being used by ConnDOT is based
on manual evaluation in which raters view all sections of pavement images on a monitor

and count distress conditions. This manual rating process is extremely time-consuming



and tedious; the DOT estimates that it takes up to four months to complete the ratings
even though the fraction of the total pavement surface actually examined is only about five
to ten percent. Distress identification and interpretation also varies among raters,
producing inconsistent pavement condition rating scores.

There is a need for an improved method of pavement e\;aluation that wouid allow
for mdre- effective use of the highly sophisticated me'thbd of data storage that is
represented by the DOT’s laser video disk system.

The goal in this research was the development of an automated and integrated
system for the evaluation of pavement distress condition. In this project, the scope was
limited to develop a system that could be used to indicate the presence or absence of
- -distress feafu'r’(‘ésﬂon' rthe‘ irﬁage. H@wevéf, it is felt thvat'tvhegi:mag‘é/ bf@éegéing "aléori,th‘rr'llélmd:
— | iﬁiegrétioﬁ\taslgs'dgvelqped ‘from this.reséarqil can be used as 1he»framew’_ork fora “ e

- comprehensive pavement evaluation system.



II Project Overview

The system developed in this project was designed on the assumption that it would
eventually replace the current ConnDOT method of manually rating laser-video disk
images. A schematic diagram of the approach used in this project is shown in Figure 1.
The system was developed by conducting the following tasks; system development,
system integration, system validaﬁon, systefn refinement, and system demonstraﬁbn. The
reméinder of this section presents an overview of the research approach that is depictéd in

Figure 1.

Data Storage " |~ SystemDevelopment =~

- Laserdiscs =

~ |—— Image Acquisition

TImage Processing

Syétem Integration

System Validation

System Refinement

System Demonstration

Figure 1: Schematic Diagram of Research Approach



2.1 System Design

_The first task was the selection of a suitable set of image processing software and
hardware. Since the automated pavement evaluation system requires extensive use of
variable image processing routines, a highly sophisticated image processing software was
needed. We chose an image processing software called Khoros as our image processing
tooi. Khoros is a software integration and development environment that emphasizes
information processing and data exploration. It also provides an extensive collection of
image processing routines as well as multidimensional data manipulation operators
including pointwise arithmetic, statistic calculations, data conversions? histograms, and
: size operators. The visual programming environment provides graphical icons which can
7' iA'b\e(_ intéfnctively m—_abnipru-l»nted_ ;dcccv>ird>in'g‘ to snme speniﬁp spaﬁal grarnrnar fnr Lp-rng‘rnni_
i con_sitrr_uctivnn (Gdiin, et al, 1990). 7

| For the hardware, a Pgnfiurri_—baéed pef_sonal cthnter equipnnd with image
- digitizer board was _us’ec’i. -Th'is_ pérsonal computer nad a CPU with 160 MHZ speéd, »V o
" 32MB size of RAM, and 2.0 Giga bytes of hérd disk spaces. An additional 64MB of
 virtual memory was added in order to sneed up nhe prOcensing 'nime. Since the image
processing software (Khoros) requires the Unix environment, a Linux operating system
.was insfalled on the PC.
22 Datn Selection
The ConnDOT pnotolog pavement images are captufed using a 35mm movie

camera which is mounted in a van traveling at speeds of 40 to 50 mph. The’ ﬁlm is

exposed at intervals of 0.01 mile (or 52.8 feet). The total length of state-maintained roads



in Connecticut is 7,700 bi-directional miles, therefore, it takes a total of 770,000 images to
represent the entire network.

In developing our image processing algorithms, we sampled images from interstate
highways, arterial roads and state-maintained local.roads. The reasons for sampling
images from diﬁ'efent roads are that (1) each of these types of roads is characterized by
different distress types due to differences in traffic loading and pavement strength, a—nd )]

“images for each type of road will have different non-distress features (for example, images
of local roads will contain more shadows from trees and overhead power liﬁes than those
of interstate highways, See Figure 2 ).

Also, images recorded in different years(1987-1994) were sampled since the
:resolutidn,diﬁ‘ers frofn year to‘Year. 7 | |

. The ‘ir‘r:lages ‘chbsgn wéfé diyided into 7thve follpx-y_i_ng fc_)uf cafegdries <th éﬁ'ectively. 2

deQelop :th'e image proqessing éigérithm : (1):ima'ges wifh no distress- ;cmd no shad‘ows; (2): N

: imagés Wlth no distress but with slladows, 3 i;rlages wnh distress‘but w1th nb shad;)wé,
and (4) images with distress and shadows.

In developing the image processihg algorithm, gpproﬁmately 40 images frorﬁ each
of the four categoﬁes above was selected as the iniﬁal data-set. A larger samplg' size
could not be used at that stag'é of the study due té crviatay storagé linﬁtations. However, the
~ completed system was tes;ted with a larger numbér of images once the syéterﬁ integration
was completed.

The details of the irﬁage processing algorithm will be discussed in Chapter 3.



(a) (b)

Figure 2:. Typical ConnDOT Pavement ImageS' (2) Image With High Contrast, (b) |
Image With Low Contrast, (c) Image With Tree Shadows, (d) Image With Paint
Striping and Shadow From Overhead Power Lines
2.3 System Development
The development of the irnage processing éyétem was the pﬁméry focus of this
project. The g:o‘al in processi;ig the pavement images is to isolaie the distress features
from the remainder of the image. This is achieved through image segmentation; the end

product of image segmentation is a binary image in which the distress features are

represented as black on a white background.



Previous studies have indicated that automatic segmentation is the most difficult |
aspect of developing an-automated pavement evaluation system (Koutsopoulos 1991,
Kaseko, et al., 1992, Lee 1993). This is due to the fact that the contrast level of the
distress features shows no consistent pattern relative to that of the remainder of the image.
In addition, the ConnDOT images pose additional difficult challenges due to excessive |
" noise and large variability m contrast due to shadows. |
The image processing procedure for the ConnDOT images was designed to address
the task of segmenting the distress features even in the presence of shadows and variability
in contrast levels. The system was developed to work for each of the four categories of
‘ 1mages deﬁned in the prevrous section. Once sufﬁcxent conﬁdence had been acqurred
‘ »regardmg the adequacy of the 1mage processmg algonthm the next phase system -
- mtegratlon, was undertaken. | B -
© 24 System Integratlon .
The goal of this task was to develop a graphrcal user mterface for mtegratron of
| the‘vanous nlodules of the system so that processrng can proceed smoothly w1thout
manual intervention. Once the irnage processing orocedure was developed and conducted,
-the raw images from the laserdisc, intermediate ﬁles created while processing; and final
binary irnage_s had to be saved on a hard diskr Therefore, a large number of samples could
' fno't be used vvith stand alone image processing module. In this task, the intermediate files |
that were oroduced from‘the image processing procedure were removed. Hence, a-great
amount of time and computer resources were saved at this stage.
In addition, this task allowed for the examination of a larger number of images

during testing and validating.



A computer code was written using TCL/TC scripts to provide a user-friendly
graphical interface. This code controlled both hardware (e.g., laserdisc player) and
software (e.g., Khoros-Pro and programs for image acquisition). Once this integration
task was completed, a fully integrated tool was obtained thatv had capability of (1) taking
specific section of images directly from the laserdisc, (2) processing the image to isolate
the diétréss features, and (3) reporting on the presencer or absence of a distress on that
image.

2.5 System Validation
Once the all four of above tasks was finished, the system was tested with new
7 randoml)'r selécted images ﬁdm the laserdiscs. . Fqllowing this valjdation stage, the system
- f{;va’:s reﬁrrled"inr fdfdey 'Vcoi gi\;re more:r(v)bq’s"’c- perfbrmaﬁée "svo tﬂat it couldhandle all - s |

 foreseeable distress configurations. . o



IIT Development of Image Processing System
The primary goal in developing the image processing system was to isolate the
distress features from the remainder of the image. This was achieved through image
segmentation; the end product of image segmentation was a binary image in which the
distress features were represented as black on e white background.
The structure for the imege processing system'can be roughly outlined as follows.
o Image processing component to process the image and separate potential regions of
interest from the background
e Pattern recognition component to determine the absence or presence of cracks, and
1dent1fy the major dlstress types
The ConnDOT 1mages posed mann dlfﬁcult ehallenges.due to e)scesslve noise and
' large contrast vanablhty\ ascan be seen 1n Flgure 2. The 1mage processmg nreeedure
dev_eloped from this research censtlvtutedv image preprocessmg, image segmentatlon, and‘ o
a logistic screening for effective enelysisf of the ConnDO‘T fmageSl >The pattern 'feebémfion o
Vpreeedure was alsorirni'tiated to detemnne the absence or nresence ef cfacks. The issne of : »
distress -i.dentiﬁcation and quantiﬂcation was not 'addressed in this phase of the >project. ’
The details of the ’imag_e processing tasks are discussed in the following sections.
31 Image Processing | |
Previous stndies liaﬁze indicated that automatic segrnentation is the most difficult .
aspect of developing an automated pavement evaluation system (Koutsoponlos 1991,
Kaseko, et al., 1992, Lee 1993). This is due to the fact that the pixel intensity of the
distress features shows no consistent pattern relative to that of the remainder of the image.

In general, the pixel intensities of the distress features are lower than that of other features



in the image. Moreover, the histogram of images with distress features may be either
unimodal or bimodal. In the case where the histogram is unimodal, it is difficult to choose
an appropriate threshold level for effectively separating the distress features from the
background (Ritchie 1991). In addition, many of the ConnDOT images contain shadows,
and such images with shadows frequently show bimodal distribution which mimics the
bimodal distribution of some images with distress features. This presents an additional'.
problem in determining a consistent threshold value which will work for all images.
The image processing procedure for the ConnDOT images was designed to
address the task of segmenting the distress features even in the presence of shadows and
’»vanabihty in contrast levels. It 1nvolves an 1terat1ve chppmg algonthm to obtaln a
Ji_'consnstent relatronshrp between the d1stress features and the background ThlS is done by' :
v: reducing the range of nixel»values in the 1mage.5 The 1terat1ve chpprng algorithm also
incorporates a logistic screening model that is designed to minimize 'orohlerns with images
that contain ektrerne"an'd abrupt changes 1n contrast ieuel. .Eachof ‘ these provces_ses-is’
_ discussed beioiv. ‘ ..
3.1.1 Image Preprocessing
The analysis area (which is 600 b‘y 180 pixels) was devided into eight(8) tiles of
150 by 90 pixels; This approach was taken because the ‘rangei of pixel intensities in the
-ﬁJll'image is too large for effectiVe analysis. In general, the ‘pixel values in each tile are
more homogeneous, andthus,} the tile presents a less difficult environment for developing
an effective segmentation method. - A

The first step of the iterative clipping procedure is to calculate the mean pixel

10



(a) (b)

Figure 3: Example of Image after Preprocessing; (a) Original Image
(b) Image after Preprocessing

"inte_'nrsity of thg tile imagé. This’,m’eari'-is- then used as thei clipi)ing vaiue. In pi:’hér words,
all éiiei vglues éb().\;e the cllppmg »v‘élu»é are set to tllle»cliﬁbing véiue wh}le pixel vé;iuésh )
~ below the clipping value are left unchanged. This process cuts iﬁ half the"range of contrast - '
level in ﬁle image. H9§vever, rpixels with iéw inténsity,\ ‘which tend to represeﬂt distréss‘\

- features, are left unaffected by this process. Therefore, the clipping process eliminates

much of the background without affecting the distress features (see Figure 3).

3.1.2 Image Segmentation
After thé first clipping stage, a new mean and standard deviation are calculated.
The clipping proéess is repeated using a new clipping value which is giveh by the
following equafion: /
C"=p™-(1.2x8"

where,
C" is the new clipping value at the n" iteration;

11



pr! is the running mean value at the n- 1" iteration; and,
Sm1 is the running standard deviation value at the n- 1" iteration.

This clipping value was determined to be tﬁe lowest value that could safely be used
which would still be greater then most of the pixel values in the distress features. Once
the clipping is done using this value, more of the noise in the image (including the
shadows) will be suppressed into the background (See Figure 4).

This clipping process is repeated until the difference between the clipping value
and the mean value after clipping is equal to or less than 0.3 on the gray level scale. In

general, once this termination point has been reached, most features other than the

distresses will have been suppressed into the background. Any additional clipping beyond

'thié’point will tend to eliminate significant pbrtion's of the distress features.” o

- * 'The use of this termination criteria also reéﬁlts in a relatively cpnsis/tentrrelétipnsllip E

between the ﬁné,l clippi_hg value and the pixel izaiués of the distréss features. In c')therA -

@ - (®)

Figure 4: Example of Image after Iterative Clipping; (a) Image after Preprocessing
(b) Image after Iterative Clipping

12



@ (b)

Figure 5: Example of Image after Thresholding; (a) Image after Iterative Clipping
(b) Image after Thresholding.

 words, the pixe'l’ values of th:ejdiSt'r'e'SS features are generally at a predictable Ievgl below
that of the overall mean pixel values inthe tle. o
fherefore, én autdrr_latip 'Fhreshdld \-rélue. caﬁ beéet for Segmenting the distress 1
. .fé‘aiti\l-re,srf;o‘mﬁthe backgrqund. , Tl{é thrééhdld level that'Was; chose Waéﬁvé(S)" gfay-"gsc‘:’ale
beloW the mean (éee Figure 5). If ;chis t.hrejsholvd vélué 1s adjusted up\;s;ards;_fhe tiie irﬁége
| Wili contéin‘too ﬁluch noisre.v Cdnyéfsely;' if it is adj'ust'ed down§var’ds, sofhe portlon ofifhér>
distress will be lost.
3.1.3 Logistic Screening,
The sy;tem w;rks ver;well fqr most images; as éan be seen in,Figuré 6-(a), it
easily isoldte.s the distress features for images wit\h'out rshadoWs. It also W(;rks well for

most images which contain shadows (see Figufe 6-(b)). However, for a small number of

images, the system failed - picking up a significant amount of noise in parts of some types

13



of shadows (see Figure 6-(c)). The evaluation of this problem showed that the images for
which the system failed all had certain identifiable characteristics.

These images tended to have fairly sizable areas of shadows (30 to 60 percent of
the tile) and the shadows were characterized by extreme variation in contrast level. In
other words, the contrast level within shadow varied so that the pixel values of portions
of the ‘shadow were significantly lower than that of the rest of the shadow. Since aeeurate
segmentation is virtually impossible for such images, a method was developed to identify
images with these variable contrast features. Once these images are identified, 'they are
eliminated from further consideration. In other words, these images are treated as if they
- contain 'no distress features. This will result in some nﬁs-categerization since some of -

ithese 1mages w1ll in fact Acontam dlstress features o o N
v Howeuer any -error mtroduced by th1s anproach w111 be small compared to the errors thatr B
would have resulted from faulty segmentatlon of this type of images.

The basis of this rdentlﬁcatlon isa loglstlc regress1on model whlch uses statlstlcalr
parar_neters such»as mean, standard dev1at19n, skewness, mammu‘m,fand mlmmum'valuefor
the original and final images. The equation of logistic regressien model is given as

follows:

Probablhty ( Image w1th Vanable shadow pixel intensities ) =1/ ( 1 + ‘e'z ) -
where Z is a function of mean, standard dev1at10n skewness maximum, and

minimum value before and after clipping procedure.

This logistic regression equation is used to calculate the probability of whether or
" not a given image falls into a category of having a variable shadow pixel intensity level.

The probability calculation is based on the statistical parameters shown in the equation.

14



3

(c) Image With Shadow and Distress

Figure 6: Examples of Original and Binary Image After Terminating Iterative
Clipping Procedure (i.e. Combination of 4 tile images: 300 * 180 pixels)

15



The relative value of these statistical parameters before and after clipping is dependent
on the nature of the image. For example, images with very large contrast show large
changes in mean, maximum, and standard deviation. Conversely, images with distress
and no shadows show relatively small changes in these parameters.

Based on an assessment with 168 individual tiles from 42 images, the use of iterative
clipping combined with logistic screening increases the predictioh accuracy from 85

percent to 90 percent.
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IV System Integration
The goal of system integration was to provide a user-friendly graphical interface so

that the pavement surface assessment could be easily and efficiently conducted. This was
achieved by the integration of thg image acquisition module with the image processing
procedure. The system was designed so that the user must first select the desired
section(s) of the roadway including route name, direction, recorded year, and start mileage
from the inventory of state maintained roadway. Then, the system automatically finds the
corresponding laserdisc, grabs the image(s), performs image processing to isolate the
distresses, prgdicts the presence or absence of distress features on the image, and produces

an output file which summarizes the results. More detail description of integration task is

- described below.

41 Image» Aéquis;ition

The rqlg of image acquisition..i'sv}t.o .retrieve the image dafa from _the‘da:ta storége (eg, ‘
B laserd—isc) and place'it into memory on the PC. An imdge grabbing board called 'MV-_ 7
1000 aloﬁg with MV- 1‘3 50 daughter card manufactured b; Mutech Corps were attac;béd
to ti)e PCI board on ther personal 'computevrbt'o capture images from the lasérdisc playér.
Those cards were also connected to a serial port on a lasef disc player with a
communication cable. Using the library p'rovidedrby Mutech Corpé, aC codé_ was wn'ttlenr
to control the laéer disc player from the personal compﬁter. With this- cb&e in place, the
user can define a section of roadway from the graphical user interface, and the laserdisc
player automat-ically ﬁﬁds the corresponding image(s), and sends thev binary infom;ation to

the computer.
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4.2 UPAS

A computer code called UPAS ( University of Connecticut Pavement Assessment
System ) was written using Tcl/tk scripts. The role of UPAS was to integrate and control
both hardware (e.g., image grabbing board, laserdisc player) and software (e.g., Khoros
image processing software). As é result, the user could select a particular location of the
road or section(s) of the roadway from the drop-menu bar. Once the desifed section(s) of
the roadway was selected by the user, image processing procedure was performed
automatically.

The resulting binary image after image processing could be seen on a monitor, and
_summary output inCluding useful infofrnatiOn such as laserdisc -numbgr, yea;f, date, route .
: name, réuté dimctidﬁ,_sfarting mileage, ﬁarile:nurﬁbér, aﬁd'resulfs from irﬁgge i)foéeséing

- VWaissa{{ed to a file ( S‘ec‘ Table»l:). -

. Table 1: Sample Output from UPAS

A;{Route ID} Year Disk Startfi\/ﬁle Start¥Frame Adjustment Logginé Frame Khoros—Oufput,
{1993 Route-630 North} 1993 25 0.0 5 26539 F 26744 "10506: Clean" o |
{1993 Réute-63o North} 1993 25 0.0 5 26539 F 26944 "10748: Crack" |

{1993 Route-63ONorth;} 1993 25 b.o 5 26'5i39 F 27144 "10968: Clean"

{1993 Route-630 North} 1993 25 0.0 5 26539 F 27344 "11189: Clean"

{1993 Route-630 North} 1993 25 0.0 5 26539 F 27544 "11418: Clean"
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V System Validation

In order to validate the performance of the system, results generated by the system
were compared against an inventory of distresses generated by a manual visual survey of
the same video data. The databases created from the system consist of numerical
information such as route ID, year, disk number, start mileage, frame number, and
| infermation about absence or presence of craek determined by the system.

Two separate data sets were used in conducting the validation for the system. The

first data-set contained 4 test sections of a half mile in length, and a second data-set
contained frames at 200 frame number interval from four diﬁerent laserdiscs. These

vi sectlons are selected from local state- mamtamed roads recorded m 1989 and 1993 by the )

ConnDOT photologgmg vehicle

Table 2 shows the summary of vahdation reshlts for a data set ef 7121 1mages Of the
o - 303 images With distress features, the system cprreetlycategonzed_ 262 of the 1mageshas
o havmg di_str'e:ss'features:’ HoweVer, 41 ‘out of the 303 images With» distr_e"ss.features were
incorrectly categorized. In general, these 41 images hadtiv’ery fine cracks which/\wrere
elimi_nated by the iterative clipping» process. This r)erfennance couid be impreved by
“changing the threshold level; however, this would then add additional noise to alli the
images. | | |

~ Ofthe 409 distress free images, ‘the system correctlyicategorized 37 8 images as. o
cohtaining no distress features. However, 31 of 409 images were mis-categorized. Thisr

type of error occurred when images were encountered with variable shadows.
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The overall results for 712 images shows a 90 % of accuracy in predicting the absence
or presence of cracks. This result is almost identical to the results obtained in the

preliminary assessment rated with 168 individual tiles from 42 images.

Table 2: System Validation with 712 Sampled Images.

Observed Predicted Total Accuracy
o Distress No Distress : %
Distress 262 41 303 86.5
No Distress 31 378 409 924

Appendix A contains a more detailed description of the comparison study.
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VI Conclusions and Recommendations
6.1 Conclusions

The purpose of this project was to develop an automated pavement distress
evaluation system for the ConnDOT photologging program. The ConnDOT images pose
difficult image processing challenges due to excessive noise and large variability in
contrast levels. | Man); different algorithms have been proposed by researchers for
processing images of pavement surfaces. However, these methods do not work well for
images with the types of problems that are seen on the ConnDOT images.

In this project, an automated pavement evaluation system which is robust enough

' ‘to process 1mages with both. n01se and contrast vanat1on problems was developed This o

o system was based on tcl/tk and C code for 1ntegrat1on and Khoros v1sual programmmg S

code for image processmg Image processmg procedure used iterative c11pp1ng to obta1n a
cons1stent relationship between the dlstress features and the background In addltlon |
' logrstic regression screening uvas used to minimize problems wrth images “that contain '
_extreme and abrupt_ changes in contrast level. ‘ |
;I;he system showed a 90% accuracy for predicting the presence or absence gof
* distress features on the image when tested for 712 ConnDOT images. The output from
this system is suitable for use as part of a comprehen'siye' system for ﬁirther 'analysis' of
distress identiﬁcation and quantiﬁcation. ‘ |
6.2 Recommendations for Future Research
Results from the validation of the system establish the fact that tlie image

processing algorithm and system integration work should be suitable for use as part ofa

comprehensive system for further analysis of distress identification and quantification.
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However, more work needs to be done in order to obtain a robust and fully automated
pavement evaluation system. Some of the issues that need to be addressed during future
research in this area are as follows. First, the pattern recognition component needs to be
deveIoped and integrated to quantify the extent (lengths, widths, and areas) of the various
distresses. The binary images produced from the system provide accurate visual disfress
information. Suitable »parameters from these binary images should be found to identify the -
distress type and severity. Second, issues of geometric distortion due to the windshield
views should be addressed in order to provide more accurate distress information. The
effect of windshield-view distorts the scale of the image and is a major concern when
deterﬁﬁne the lengths and oﬁentation of cracks. It may _be desirable to transform this

- image to correct the dist@rtioh. _—

22



REFERENCES

Benson, K. R,, Elkins, G. E., Uddin, W., and Hudson, W. R. (1988). “Comparison of
Methods and Equipment to Conduct Pavement Distress Surveys.” Transportation
Research Record No. 1196, 40-50.

Fukuhara, T., Terada, K., Nagao, M., Kasahara, A., and Ichihashi, S. (1990). “Automatic
Pavement-Distress-Survey System.” Journal of Transportation Engineering, Vol. 116,
No. 3, 280-286.

Golin, E. J, and Reiss, S. P. (1990). “The Specification of Visual Language Syntax, 1(2):

141-157.”

‘Hanley, R. C., and Larsen, D. A. (1992) “The Connecticut Photolog Laser Videodisc- =

, Based Pavement Ratmg System ? Joumal of Transportatlon Engmeermg, Vol 118 No.
2 258-269 7 | o | | |

| Hudson W.R, Elklns G.E, Uddln W., and Re111ey, K T (1987) “Improved Methods | B

| and Equrpment to Conduct Pavement Distress’ Surveys ? Report No FHWA-TS 87-‘ |
213, Department of Transportatlon Washmgton D. C

| Kahkm V. K (1995) “An Automated System for Pavement Condltron Evaluation.”
Master of Sc_ience Thesis, The University of Connecticut. B

Kalikid, V. K,, Garrick, N. W., and Achenie, L. E. K. (1994). "‘Image-Processing
 Methods for Automated Distress Evaluation.” Transportation Research_Record, No.
1434. 45-51.

Kaseko, M. S., and Ritchie, S.’G. (1992). “A Neural Network-Based Methodology for

Automated Distress Classification of Pavement Images.” International Conference on

23



Artificial Intelligence Applications in Transportation Engineering, San Buenaventura,
California.k

Khoros Visual Programming Manual, Khoros Manual: Volume IV-Khoros2.0 Manual Set
1995. |

Koutsopoulos, H. N., and Sanhouri, I. E. (1991). “Methods and Algorithms for
Automated Analysis of Pavement Images.” Transporration Research anrd, Paper No.
910552. Washington, D. C.

Koutsopoulos, H. N., Sanhouri, I. E., and Downey, A. B. (1993). “Analysis of
Segmentation Algorithms for Pavement Distress Images.” Journal of Transportation

» Engineen'ng, Vol. 119, No. 6. 868-888. - |

zLee H and Oshrma H (1993) “New Automated Crack Imagmg Procedure Usmg

- Spat1a1-~ Autocorrelatlon Functron. Transportatxon Research Board 72nd Annual‘
Meetmg Washmgton D C " 77 | /v |
’ Mackertlch A H, and Larsen D. A (1990) “Guldelmes for Pavement Condmon Ratmg -
" Report No. 887-A25-9o-16_ | -
Ritchie, S. G (1990). “Digital Imaging Concepts and Application m Pavement
Management 7 Journal of Transportatron Engineering, Vol. 116, No. 3, 287 298.
Taura, H,, Kllareskr W P, and Ohama M (1988). “Field Survey Equlpment and Data »

" Analysis for Highway Rehabilitation’ Planmng.” Transportation Research Record No.

1196, 27-39.

24



o A.ppe;ndixA.‘ Vhlidatioh Dafa

25






The following data were created by the system. Two separate data sets were used
when conducting the validation for the system. The first data set contained 4 test sections
of half mile in length, and the second data set contained frames at 200 frame number
interval from four different laserdiscs. These results were compared against an inventory
of distresses generated by a manual visual survey of the same video data.

{Route ID} Year Disk Start-Mile Start-Frame Adjustment Logging Frame Khoros-Output

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32301 "1321: Crack"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32302 "1461: Crack"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32303 "1667: Crack"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32304 "1866: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32305 "1926: Crack"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32306 "2091: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32307 "2188: Crack"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32308 "2403: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32309 "2639: Clean"

~ {1993 Route-55 East}. 1993 25.0.0 5762 26539 F 32310 "2699: Crack"
. {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32311 "2773: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32312 "2993; Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F-32313 "3192: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32314 "3393: Clean" -

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32315 "3518: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32316 "3718: Clean" = .
{1993 Route-55 East} 1993 250.0 5762 26539 F 32317"3933: Crack" - =~ '
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32318 "4194: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32319 "4407: Clean" - -
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32320 "4659: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32321 "4859: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32322 "5068: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32323 "5173: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32324 "5382: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32325 "5556: Clean"

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32326 "5802: Clean"

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32327 "6024: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32328 "6172: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32329 "6292: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32330 "6498: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32331 "6763: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32332 "6976: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32333 "7219: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32334 "7293: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32335 "7494: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32336 "7693: Clean"
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{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32337 "7899:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32338 "8105:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32339 "8311:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32340 "8526:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32341 "8725:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32342 "8938:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32343 "9049:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32344 "9248:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32345 "9486:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32346 "9685:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32347 "9898:

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32348 "10134:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32349 "10347:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32350 "10555:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32600 "10768:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32601 "10995:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32602 "11202:
-~ {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32603 "11418:
© {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32604 "11624:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32605 "11824:
. {1993 Route-55 East} 1993 25 0. 0 5762 26539 F 32606 "12024:
. {1993 Route-55 East} 1993 25 0. 05762 26539 F 32607 "12239:
{1993 Route-55 East} 1993-25 0.0 5762 26539 F 32608 "12306:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32609 "12412:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32610 "12486:
. {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32611 "12752:
¢~ {1993 Route-55 East} 1993 25 0.0 576226539 F 32612 "12871:
~ {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32613 "13077:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32614 "13123:
"{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32615 "13329:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32616 "13582:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32617 "13744:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32618 "13944:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32619 "14150:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32620 "14371:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32621 "14419:
{1993 Route-55 East} 199325 0.0 5762 26539 F 32622 "14860:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32623 "15059:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32624 "15260:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32625 "15357.
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32626 "15556:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32627 "15602:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32628 "15706:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32629 "15912:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32630 "16119:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32631 "16320:
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{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32632 "16519: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32633 "16785: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32634 "17013: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32635 "17243: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32636 "17495: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32637 "17650: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32638 "17856: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32639 "18011: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32640 "18225: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32641 "18396: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32642 "18449: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32643 "18632: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32644 "18729: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32645 "18928: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32646 "19127: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32647 "19329: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32648 "19528: Clean"
- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 32649 "19581: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 32650 "19627: Crack"
. {1993-Route-55 East} 1993 25 0.0 5762 26539 F 37050 "19835: Clean" -
- {1993 Route-55 East} 1993 25 0.0 5762 26539 F-37051 "20034: Clean"
- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37052 "20235: Clean"
" {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37053 "20434: Clean"
~ {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37054 "20531: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37055 "20693: Crack"

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37056 "20797: Crack"

- - {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37057 "21004: Clean"
~ {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37058 "21205: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37059 "21302: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37060 "21508: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37061 "21561: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37062 "21767: Clean".
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37063 "21966: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37064 "22167: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37065 "22366: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37066 "22565: Clean"
- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37067 "22720: Crack"
{1993 Route-55 East} 1993 2570.0 5762 26539 F 37068 "22868: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37069 "23012: Crack"
- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37070 "23118: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37071 "23273: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37072 "23326: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37073 "23423: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37074 "23527: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37075 "23573: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37076 "23735: Crack"
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{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37077 "23883:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37078 "24098:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37079 "24297:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37080 "24496:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37081 "24542;
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37082 "24741:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37083 "24903:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37084 "25104:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37085 "25164:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37086 "25224:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37087 "25423:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37088 "25629:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37089 "25726:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37090 "25895:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37091 "26103:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37092 "26323:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37093 "26434:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37094 "26589:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37095 "26788:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 37096 "26987:
{1993 Route-55 East}-1993 25 0.0 5762 26539 F 37097 "27086:
{1993 Route-55 East} 1993 25.0.0 5762 26539 F 37098 "27241:

© {1993 Route-55 East} 1993 25 0.0 5762 26539 F 37099 "27345:
" {1993 Route-55 East} 1993 25.0.0 5762 26539 F 37100 "27551:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42550 "27760:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42551 "27959:

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42552 "28167:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42553 "28373:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42554 "28572:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42555 "28771:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42556 "28970:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42557 "29178:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42558 "29380:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42559 "29586:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42560 "29782:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42561 "29988:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42562 "30187:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42563 "30379:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42564 "30578:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42565 "30786:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42566 "30992:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42567 "31198:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42568 "31397:
~ {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42569 "31603:
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42570 "31804:

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42571 "32003:
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{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42572 "32209: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42573 "32408: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42574 "32621: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42575 "79: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42576 "295: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42577 "501: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42578 "605: Crack”
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42579 "764: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42580 "970: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42581 "1178: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42582 "1377: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42583 "1576: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42584 "1755: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42585 "1975: Crack"
(1993 Route-55 East} 1993 25 0.0 5762 26539 F 42586 "2176: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42587 "2331: Crack"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42588 "2530: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42589 "2736: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42590 "2789: Crack"
'(1993 Route-55 East} 1993 25 0.0 5762 26539 F 42591 "3002: Clean"
© {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42592 "3224: Clean"

- {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42593 "3423: Clean" _ -
- {1993 Route-55 East} 1993 25.0.0 5762 26539 F.42594 "3629: Clean"

"{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42595 "3842: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42596 "4041: Clean"
{1993 Route-55 East} 1993 25 0.0-5762 26539 F 42597 "4256: Clean" ST

" {1993 Route-55 East} 1993 25 0.0 5762 26539 F 42598 "4469: Clean" -

{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42599 "4697: Clean"
{1993 Route-55 East} 1993 25 0.0 5762 26539 F 42600 "4896: Clean"

{Route ID} Year Disk Start-Mile Start-Frame Adjustment Logging Frame Khoros—Output

{1989 Route-197 East} 1993 25 0.0 5 26539 F 26544 "27405: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F.26744 "27625: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 26944 "27795: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 27144 "28015: Clean"
{1989 Route-197 East} 1993 25 0.0.5 26539 F 27344 "28244: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 27544 "28471: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 27744 "28698: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 27944 "28809: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 28144 "28862: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 28344 "29090: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 28544 "29319: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 28744 "29546: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 28944 "29708: Crack"
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{1989 Route-197 East} 1993 25 0.0 5 26539 F 29144 "29819:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 29344 "29872:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 29544 "30049:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 29744 "30162:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 29944 "30317:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 30144 "30530:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 30344 "30750:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 30544 "30963:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 30744 "31192:
{1989 Route-197 East} 1993 25 0.0 526539 F 30944 "31245:
{1989 Route-197 East} 1993 25 0. 0526539 F 31144 "31472:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 31344 "31688:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 31544 "31898:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 31744 "31952:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 31944 "32185:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 32144 "32409:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 32344 "32513:
{1989 Route-197 East} 1993 25 0.0-5 26539 F 32544 "32566:

" {1989 Route-197 East} 1993 25 0.0 5 26539 F 32744 "32677:
- {1989 Route-197 East} 1993 25 0.0 5 26539 F 32944 "32730:

Crack"
Crack"
Crack"
Crack"
Crack"
Clean"
Clean"
Clean"
Clean"
Crack"
Clean"
Clean"
Clean"
Crack"
Clean"
Clean"
Crack"
Crack"
Crack"
Crack" :

- {1989 Route-197 East} 1993 25 0.0 526539 F 33144 "24: Crack"
- {1989 Route-197 East} 1993 25 0.0 5 26539 F 33344 "93: Crack"
{1989 Route-197 East} 1993 25 0.0.5 26539 F 33544 "157::Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 33744 "379: Clean"
-, {1989 Route-197 East} 1993 25 0.0 5 26539 F 33944 "606: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 34144 "768: Crack"

{1989 Route-197-East} 1993 25 0.0 5 26539 F 34544 "1180:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 34744 "1395:
- {1989 Route-197 East} 1993 25 0.0.5 26539 F 34944 "1615:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 35144 "1850:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 35344 "2077.
-{1989 Route-197 East} 1993 25 0.0 5 26539 F 35544 "2300:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 35744 "2527:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 35944 "2747.

- {1989 Route-197 East} 1993 25 0.0 5 26539 F 36144 "2800:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 36344 "3041.:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 36544 "3215:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 36744 "3437.
{1989 Route-197 East} 1993 25 0.0 5 26539 F 36944 "3650:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 37144 "3877:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 37344 "4104:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 37544 "4215:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 37744 "4430:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 37944 "4650:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 38144 "4885:
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" {1989 Route-197 East} 1993 25 0.0 526539 F 34344 "974: Clean"

Clean"
-Clean"
Clean"
Clean"
Clean"
Clean"
Crack"
Crack" |
Crack"
Crack" -
Clean" -
Crack"
Clean"
Clean"
Clean"
Crack"
Clean"
Clean"
Clean"



{1989 Route-197 East} 1993 25 0.0 5 26539 F 38344 "4938:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 38544 "4991:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 38744 "5212:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 38944 "5427:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 39144 "5640:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 39344 "5883:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 39544 "6089:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 39744 "6297:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 39944 "6496:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 40144 "6702:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 40344 "6901:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 40544 "7107:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 40744 "7315:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 40944 "7514:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 41144 "7713:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 41344 "7933:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 41544 "8154:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 41744 "8362.
{1989 Route-197 East} 1993 25 0.0 5 26539 F 41944 "8589:
~ {1989 Route-197 East} 1993 25 0.0 5 26539 F 42144 "8642.
-{1989 Route-197 East} 199325005 26539 F 42344 "8869:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 42544 "9075:
{1989 Route-197 East} 1993.250.0 5 26539 F 42744 "9283:

{1989 Route-197 East} 1993 25 0.0 526539 F 42944 "9489:

- {1989 Route-197 East} 1993 25 0.0 5 26539 F 43144 "9702:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 43344 "9755:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 43544 "9975:
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Clean".
Clean"
Clean"
Crack"

Clean" =~
{1989 Route-197 East} 1993 25 0. 0526539F 43744 "10174:
{1989 Route-197 East} 1993 25.0.0 5 26539 F- 43944 "10389:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 44144 "10595:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 44344 "10808:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 44544 "11028:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 44744 "1123S5:
{1989 Route-197 East} 1993 25 0.0'5 26539 F 44944 "11464:
{1989 Route-197 East} 1993 25 0.0 5 26539 F 45144 "11691.

) {1989 Route-197 East} 1993 25 0.0 5 26539 F 45344 "11744:

- {1989 Route-197 East} 1993 25 0.0 5 26539 F 45544 "11855:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 45744 "12082:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 45944 "12343:

{1989:Route-197 East} 1993 25 0.0 5 26539 F 46144 "12563:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 46344 "12798:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 46544 "12851:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 46744 "13050:

{1989 Route-197 East} 1993 25 0.0 5 26539 F-46944 "13265:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 47144 "13524:

{1989 Route-197 East} 1993 25 0.0 5 26539 F 47344 "13796:

Clean"

Clean"
Clean"
Clean"
Clean"
Clean"
Clean"
Crack"
Crack"
Clean"
Clean"
Crack"
Crack”
Crack"
Clean"
Clean"
Clean"
Clean"

Clean" - -



{1989 Route-197 East} 1993 25 0.0 5 26539 F 47544 "14018: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 47744 "14195: Crack"
{1980 Route-197 East} 1993 25 0.0 5 26539 F 47944 "14396: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 48144 "14602: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 48344 "14801: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 48544 "14854: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 48744 "15053: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 48944 "15254: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 49144 "15460: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 49344 "15680: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 49544 "15733: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 49744 "15960: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 49944 "16180: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 50144 "16228: Crack"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 50344 "16434: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 50544 "16640: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 50744 "16825: Crack”
{1989 Route-197 East} 1993 25 0.0 5 26539 F 50944 "17016: Clean"
{1989 Route-197 East} 199325 0.0 5 26539 F 51144 "17218: Clean"
{1989 Route-197 East} 1993 25°0.0 5 26539 F 51344 "17418: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 51544 "17617: Clean" - -

{1989 Route-197 East} 1993 25 0.0 5 26539 F 51744 "17817: Clean"
{1989 Route-197 East} 1993 25 0.0.5 26539 F 51944 "18016: Clean".
{1989 Route-197 East} 1993 25 0.0 5 26539 F 52144 "18217: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 52344 "18416: Clean"
{1989 Route-197 East} 1993 25 0.0 5 26539 F 52544 "18616: Clean"
- {1989 Route-197 East} 1993 25 0.0 5 26539 F 52744 "18816: Clean"

_ {1989 Route-197 East} 1993 25 0.0 5 26539 F 52944 "19016: Clean"

{Route >17D} Year Disk Start-Mile Start-Frame Adjustment Logging Frame Khbros—Outp;Ji

- {1993 Route-95 North} 1993 25 0.0 5 26539 F 26744 "19336: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 26944 "19484: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 27144 "19530: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 27344 "19743: Clean"
{1993 Route-95 North} 1993 25 0.0 526539 F 27544 "19972: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 27744 "20199: Clean" o
{1993 Route-95 North} 1993 25 0.0 5 26539 F 27944 "20310: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 28144 "20523: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 28344 "20722: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 28544 "20928: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 28744 "21136: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 28944 "21349: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 29144 "21562: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 29344 "21768: Clean"
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{1993 Route-95 North} 1993 25 0.0 5 26539 F 29544 "21970:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 29744 "22169:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 29944 "22417:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 30144 "22623:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 30344 "22829:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 30544 "23037:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 30744 "23250:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 30944 "23456:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 31144 "23655:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 31344 "23854:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 31544 "24062:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 31744 "24268:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 31944 "24449:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 32144 "24655:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 32344 "24759:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 32544 "24966:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 32744 "25167:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 32944 "25380:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 33144 "25579:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 33344 "25734:
: '{1993 Route-95 North} 1993 25-0.0 5 26539 F 33544 "25787:
. {1993 Route-95 North} 1993 25 0.0 526539F 33744 "26016:
{1993 Route-95 North} 1993 25.0.0 526539 F 33944 "26069:
‘ {1993 Route-95 North} 1993 25 0.0 5 26539 F 34144 "26129:
{1993 Route-95 North} 1993 25 0. 0 526539 F 34344 "26335:
{1993 Route-95 North} 1993 25 0. 0 5 26539 F 34544 "26548:
- - {1993 Route-95 North} 1993 25 0.0 5 26539 F 34744 "26768:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 34944 "26967:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 35144 "27182:
: Clean"

{1993 Route-95 North} 1993 25 0.0 5 26539 F 35344 "27361

{1993 Route-95 North} 1993 25 0.0 5 26539 F 35544 "27414:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 35744 "27627:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 35944 "27840:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 36144 "28070:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 36344 "28297.
{1993 Route-95 North} 1993 25 0.0 5 26539 F 36544 "28455:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 36744 "28682:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 36944 "28903:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 37144 "29074:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 37344 "29185:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 37544 "29412:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 37744 "29632:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 37944 "29743:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 38144 "29796:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 38344 "30025:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 38544 "30245:
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{1993 Route-95 North} 1993 25 0.0 526539 F 38744 "30465:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 38944 "30511:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 39144 "30557:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 39344 "30770:
{1993 Route-95 North} 1993 25 0.0 526539 F 39544 "31000:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 39744 "31169:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 39944 "31396:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 40144 "31449:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 40344 "31648:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 40544 "31861:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 40744 "32083:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 40944 "32283:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 41144 "32539:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 41344 "32599:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 41544 "32659:

Crack"
Crack"
Crack"
Clean"
Clean"
Crack"
Crack"
Crack"
Clean"
Clean"
Clean"
Clean"
Clean"
Crack"
Crack"

{1993 Route-95 North} 1993 25 0.0 5 26539 F 41744 "133: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 41944 "334: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 42144 "547: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 42344 "746: Clean"
{1993 Route-95 North} 199325 0.0 5 26539 F 42544 "966: Clean"

{1993 Route-95 North} 1993 25 0.0.5 26539 F 42744 "1166:

- {1993 Route-95 North} 1993 25 0.0 5 26539 F 42944 "1219:
"~ {1993 Route-95 North} 1993 25 0.0 526539 F 43144 "1427:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 43344 "1626:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 43544 "1825:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 43744 "2031:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 43944 "2251:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 44144 "2452:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 44344 "2658:

-~ {1993 Route-95 North} 1993 25 0.0 5 26539 F 44544 "2864:

{1993 Route-95 North} 1993 25 0.0 5 26539 F 44744 "3070:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 44944 "3278:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 45144 "3484:
{1993 Route-95 North} 199325 0.0 5 26539 F 45344 "3690:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 45544 "3736:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 45744 "3935:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 45944 "4142;
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 46144 "4343:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 46344 "4542;
{1993 Route-95 North} 1993 25 0.0 5 26539 F 46544 "4741;
{1993 Route-95 North} 1993 25 0.0 5 26539 F 46744 "4954:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 46944 "5160:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 47144 "5213:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 47344 "5268:
{1993 Route-95 North} 1993 25 0.0 5 26539 F 47544 "5488:
- {1993 Route-95 North} 1993 25 0.0 5 26539 F 47744 "5708:
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{1993 Route-95 North} 1993 25 0.0 5 26539 F 47944 "5926: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 48144 "6132: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 48344 "6236: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 48544 "6449: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 48744 "6495: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 48944 "6709: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 49144 "6757: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 49344 "6977: Clean”
{1993 Route-95 North} 1993 25 0.0 5 26539 F 49544 "7204: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 49744 "7431: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 49944 "7477: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 50144 "7697: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 50344 "7926: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 50544 "8125: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 50744 "8352: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 50944 "8572: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 51144 "8780: Clean"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 51344 "8898: Crack"
{1993 Route-95 North} 1993 25 0.0 5 26539 F 51544 "8951: Crack”

{1993 Route-95 North} 1993 25 0.0 5 26539 F 51744 "9157: Clean"

- {1993 Route-95 North} 1993 25 0.0 5 26539 F 51944 "9393: Clean"-

.-~ {1993 Route-95 North} 1993 250.0 5 26539 F 52144 "9620: Clean"

- {1993 Route-95 North} 1993 25 0.0 526539 F 52344 "9681.: Crack"
”’{1993 Route-95 North} 1993 25 0.0 5 26539 F 52544 "9955: Clean" -

{1993 Route-95 North} 1993 25 0.0 5 26539 F 52744 "10067: Crack"

- {1993 Route-95 North} 1993 25005 26539 F 52944 "10266 Clean" ST

"{Route ID} ‘Year Disk Start-Mile Start-Frame Adjustment Logging Frame Khdros-Output ,

{1993 Route-115 North} 1993 25 0.0 5 26539 F 26544 "1439: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 26744 "1492: Crack”
{1993 Route-115 North} 1993 25 0.0 5 26539 F 26944 "1698: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 27144 "1904: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 27344 "2155: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 27544 "2384: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 27744 "2611: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 27944 "2824: Clean" -
{1993 Route-115 North} 1993 25 0.0 5 26539 F 28144 "3023: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 28344 "3236: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 28544 "3305: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 28744 "3416: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 28944 "3615: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 29144 "3814: Clean"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 29344 "3940: Crack"
{1993 Route-115 North} 1993 25 0.0 5 26539 F 29544 "4095: Crack"

36



{1993 Route-115 North} 1993 25 0.0 5 26539 F 29744 "4155:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 29944 "4384:
{1993 Route-115 North} 1993 25 0.0-5 26539 F 30144 "4597:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 30344 "4767:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 30544 "4957:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 30744 "5178:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 30944 "5226:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 31144 "5433:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 31344 "5639:
- {1993 Route-115 North} 1993 25 0.0 5 26539 F 31544 "5743:
{1993 Route-115 North} 1993 25 0.0 526539 F 31744 "5984:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 31944 "6153:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 32144 "6208:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 32344 "6428:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 32544 "6671:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 32744 "6782:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 32944 "6893:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 33144 "7011:
- {1993 Route-115 North} 1993 250.0 5 26539 F 33344 "7240:
-~ {1993 Route-115 North} 1993 25 0.0 5 26539 F 33544 "7474:
< {1993 Route-115 North} 1993 25 0.0-5 26539 F 33744 "7715:
- {1993 Route-115 North} 1993 25 0.0 5 26539 F 33944 "7855:

- {1993 Route-115 North} 1993 25 0.0 5 26539 F 34144 "8076:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 34344 "8278:

- {1993 Route-115 North} 1993 25 0.0 5 26539 F 34544 "8491:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 34744 "8719:

" {1993 Route-115 North} 1993 25 0.0'5 26539 F 34944 "8953:

{1993 Route-115-North} 1993 25 0.0 5 26539 F 35144 "9180:
{1993 Route-115-North}-1993 25 0.0 5 26539 F 35344 "9381.
{1993 Route-115 North} 1993 25 0.0 5 26539 F 35544 "9492:
{1993 Route-115 North} 1993 25.0.0 5 26539 F 35744 "9749:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 35944 "9853:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 36144 "10111:

{1993 Route-115 North} 1993 250.0 5 26539 F 36344 "10319:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 36544 "10532:

- {1993 Route-115 North} 1993 25 0.0 5 26539 F 36744 "10759:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 36944-"10863:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 37144 "11077:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 37344 "11278:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 37544 "11477.
{1993 Route-115 North} 1993 25 0.0 5 26539 F 37744 "11697.
{1993 Route-115 North} 1993 25 0.0 5 26539 F 37944 "11917:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 38144 "12145:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 38344 "12360:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 38544 "12573:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 38744 "12786:
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{1993 Route-115 North} 1993 25 0.0 5 26539 F 38944 "12890:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 39144 "13117:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 39344 "13385:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 39544 "13561:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 39744 "13760:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 39944 "13806:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 40144 "14005:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 40344 "14207:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 40544 "14427:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 40744 "14633:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 40944 "14839:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 41144 "14892:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 41344 "15098:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 41544 "15153:
{1993 Route-115 North} 1993 25 0.0 526539 F 41744 "15278:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 41944 "15513:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 42144 "15750:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 42344 "15956:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 42544 "16171:
~ {1993 Route-115 North}-1993 25 0.0 526539 F 42744 "16370:
{1993 Route-115 North} 1993 25 0.0 526539 F 42944 "16576:
{1993 Route-115 North} 1993 250.0 526539 F 43144 "16789:
{1993 Route-115North} 199325 0.0 5 26539 F 43344 "16900:
{1993 Route-115 North} 1993 25 0.0°5 26539 F 43544 "17107:

. {1993 Route-115 North} 1993 25 0.0 5 26539 F 43744 "17220:

- {1993 Route-115 North} 1993 25 0.0 526539 F 43944 "17419:
- {1993 Route-115 North} 1993 25 0.0 526539 F 44144 "17640:

{1993 Route-115 North} 1993 250.0 5 26539 F 44344 "17846:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 44544 "18066:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 44744 "18288:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 44944 "18596:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 45144 "18809:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 45344 "19022:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 45544 "19237:
{1993 Route-115 North} 1993 25.0.0 5 26539 F 45744 "19406:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 45944 "19619:
- {1993 Route-115 North} 1993 25 0.0 5 26539 F 46144 "19853:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 46344 "20022:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 46544 "20231:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 46744 "20473:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 46944 "20672:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 47144 "20878:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 47344 "21084:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 47544 "21307:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 47744 "21513:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 47944 "21719:
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{1993 Route-115 North} 1993 25 0.0 5 26539 F 48144 "21939:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 48344 "22108:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 48544 "22390:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 48744 "22596:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 48944 "22801:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 49144 "22919:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 49344 "23155:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 49544 "23430:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 49744 "23629:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 49944 "23835:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 50144 "24062:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 50344 "24284:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 50544 "24490:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 50744 "24601:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 50944 "24835:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 51144 "25035:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 51344 "25272:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 51544 "25507:
* {1993 Route-115 North} 1993 25 0.0 5 26539 F 51744 "25560:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 51944 "25780:
{1993 Route-115 North} 1993 25 0.0 5 26539 F 52144 "26007:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 52344 "26237:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 52544 "26436:

{1993 Route-115 North} 1993 25 0.0 5 26539 F 52744 "26649:

- {1993 Route-115 North} 1993 25 0.0 5 26539 F 52944 "26869:
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~ {Route ID} Year Disk Start-Mile Stkar’t-Freime.Adjustment Logging Frame‘Khoros-Output

-{1993 Route-630 North} 1993 25 0.0 5 26539 F 26744 "10506:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 26944 "10748:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 27144 "10968:
© {1993 Route-630 North} 1993 25 0.0 5 26539 F 27344 "11189:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 27544 "11418:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 27744 "11659:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 27944 "11886:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 28144 "12106:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 28344 "12217:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 28544 "12403:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 28744 "12616:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 28944 "12785:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 29144 "13005:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 29344 "13109:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 29544 "13162:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 29744 "13363:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 29944 "13597:

39

Clean"
Crack"
Clean"
Clean"

Clean""

Clean"
Clean"
Clean"
Crack"
Crack"

Clean".

Crack"
Clean"
Crack"
Crack"
Clean"
Clean"

;o



{1993 Route-630 North} 1993 25 0.0 5 26539 F 30144 "13657:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 30344 "13870:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 30544 "14097:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 30744 "14158:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 30944 "14218:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 31144 "14287:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 31344 "14514:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 31544 "14713:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 31744 "14933:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 31944 "15153:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 32144 "15368:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 32344 "15596:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 32544 "15823:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 32744 "16037:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 32944 "16243:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 33144 "16472:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 33344 "16532:

- {1993 Route-630 North} 1993 25 0.0 5 26539 F 33544 "16585:
- {1993 Route-630 North} 1993 25 0.0 5 26539 F 33744 "16806:
- {1993 Route-630 North} 1993 25 0.0 5 26539 F 33944 "17033;
{1993 Route-630 North} 1993 25 0.0-5 26539 F 34144 "17263:
"~ {1993 Route-630 North} 1993 25 0.0'5 26539 F 34344 "17504:

~ {1993 Route-630 North} 1993 25 0.0°5 26539 F 34544 "17710;
© {1993 Route-630 North} 1993 25 0.0 5 26539 F 34744 "17835:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 34944 "18106:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 35144 "18321:
~ - {1993 Route-630 North} 1993 25 0.0 5 26539 F 35344 "18541:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 35544 "18645:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 35744 "18844:
{1993 Route-630 North} 1993 25 0.0 526539 F 35944 "18904:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 36144 "19110:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 36344 "19311:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 36544 "19531:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 36744 "19584:
- {1993 Route-630 North} 1993 25 0.0 5 26539 F 36944 "19753:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 37144 "20026:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 37344 "20254:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 37544 "20476:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 37744 "20703:
~ {1993 Route-630 North} 1993 25 0.0 5 26539 F 37944 "20930:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 38144 "21157:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 38344 "21268:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 38544 "21476:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 38744 "21689:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 38944 "21909:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 39144 "22136:
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{1993 Route-630 North} 1993 25 0.0 5 26539 F 39344 "22307:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 39544 "22558:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 39744 "22757:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 39944 "22956:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 40144 "23162:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 40344 "23371:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 40544 "23598:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 40744 "23825:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 40944 "24053:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 41144 "24266:
. {1993 Route-630 North} 1993 25 0.0 5 26539 F 41344 "24517.
{1993 Route-630 North} 1993 25 0.0 5 26539 F 41544 "24744:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 41744 "24971.:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 41944 "25170:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 42144 "25378:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 42344 "25620:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 42544 "25862.
{1993 Route-630 North} 1993 25 0.0 5 26539 F 42744 "26089:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 42944 "26331:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 43144 "26502:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 43344 "26620:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 43544 "26673:

. {1993 Route-630 North} 1993 25 0.0 5 26539 F 43744 "26791:.
* {1993 Route-630 North} 1993 25 0.0 5 26539 F 43944 "26889:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 44144 "27116:
{1993 Route-630 North} 199325 0.0 5 26539 F 44344 "27315:

- {1993 Route-630 North} 1993 25 0.0 5 26539 F 44544 "27544:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 44744 "27771.

- {1993 Route-630 North} 1993 25 0.0 5 26539 F 44944 "27889:
-~ {1993 Route-630 North} 1993 25 0.0 5 26539 F 45144 "28116:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 45344 "28343:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 45544 "28549:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 45744 "28776:

{1993 Route-630 North} 1993 25 0.0 5 26539 F 45944 "29031:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 46144 "29258:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 46344 "29481:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 46544 "29722:

- {1993 Route-630 North} 1993 25 0.0 5 26539 F 46744 "29977:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 46944 "30204:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 47144 "30370:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 47344 "30599:

{1993 Route-630 North} 1993 25 0.0 5 26539 F 47544 "30826:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 47744 "31009:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 47944 "31236:
{1993 Route-630 North} 1993 25 0.0 5 26539 F 48144 "31499:

. {1993 Route-630 North} 1993 25 0.0 5 26539 F 48344 "31728:
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{1993 Route-630 North} 1993 25 0.0 5 26539 F 48544 "31963: Crack”
{1993 Route-630 North} 1993 25 0.0 5 26539 F 48744 "32176: Clean"
{1993 Route-630 North} 1993 25 0.0 526539 F 48944 "32403: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 49144 "32633: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 49344 "128: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 49544 "181: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 49744 "423: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 49944 "476: Crack"
{1993 Route-630 North} 1993 25 0.0 526539 F 50144 "710: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 50344 "763: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 50544 "992: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 50744 "1219: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 50944 "1272: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 51144 "1376: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 51344 "1429: Crack"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 51544 "1663: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 51744 "1892: Clean"
{1993 Route-630 North} 1993 25 0.0 5 26539 F 51944 "2090: Crack"
{1993 Route-630 North} 1993 25 0.0 526539 F 52144 "2317: Clean"

~ {1993 Route-630 North} 1993 25 0.0 5 26539 F 52344 "2320: Crack”

- {1993 Route-630 North} 1993 25 0.0 5 26539 F 52544 "2735: Clean"
.- {1993 Route-630 North} 199325 0.0 5 26539 F 52744 "2943: Clean"
- {1993 Route-630 North} 1993 250. 0526539 F 52944 "3142: Clean
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- #

The followings are the Khoros programming codes used for the image processing
to isolate the distress features from the background. It also has a capability of indicating
the absence or presence of the distresses on the image. :

# Khoros Visual Programming Workspace

#

# cantata workspace file (/pcfs/dot_4t_d) was created
# on Sun May 18 21:36:25 1997

# by user (Hyungkee Oh)

WorkspéceBegin: 21
VariablesBegin:

# .
# list of currently declared variables
#

mp = 138.003

x1 =138

- mw=122.761 .

sw = 2.01592

xw=123 " -

m2=122.761 -

- x2=123

-nl'=71

ml = 134.055 - - , ; .
s2=201592 R I IS
k2 =-12.9269 , e .

kl1=-2.83841

s1=5.19797 :
prt = 1/(1+exp(-(63. 52+(99 83*(1/s1)) -295.16*(log10(1.4- kl))+106 59*(log10(-2.09 -
k2))+101.07*log10((s1/s2)/(k2/k1))+202.94*10g10(s2)-0.605*m1+0.656*n1-
1.855*%(s1/s2)+0. 62*(k2/k1) 16.4*k1+6. 31*((s1/s2)/(k2/k1)) -40. 77*s2)))

fnzerol = 447

) VériablesEnd: '

# Glyph 'User defined'
Glyph:DESIGN:user_def: localhost:1:2:142:: -0 /temp/crk tst
# Glyph 'Extract'
Glyph: DATAMANIP kextract::localhost:3:62:142:: -wsize '600" -hsize '90' -woff'10' -hoff
'370' -subpos 0
# Loop 'While Loop'
LoopBegin:While Loop:while:localhost:5: 163:143: -init 'width=0; fnzero—O' -test 'width <
451 && fnzero<251' -update ‘width=width+150;fnzero’
VariablesBegin:

44



-~ toff'0' -eoff 2' -var 'xw' -val

#
# list of currently declared variables
# .
width=width+150;fnzero
fnzero = 447
VariablesEnd:
# Loop 'While Loop'
LoopBegin:While Loop:while:localhost:1:622:2: -init ‘'xw -mw' -test 'xw - mw > 0.3' -
update 'xw - mw'
VariablesBegin:
# No variables currently declared. #
VariablesEnd:
# Glyph 'Statistics'
Glyph:DATAMANIP:kstats: localhost: 1:662:82:: -whole -mean -sd -maxval
# Glyph 'Print Value'
Glyph: DATAMANIP:kprval::localhost:3:722:122:: -mapdata 0 -woff '0' -hoff '0' -doff ‘0’ -
toff '0' -eoff '1' -var 'sw' -val
# Glyph Print Value'
" Glyph:DATAMANIP :kprval: localhost 5: 722 82:: -mapdata 0 ~woff '0' -hoff'0' -doff 'O' '
toff'0' -eoff'0' -var 'mw' -val - - . . S
_# Glyph Print Value' . ' -

" .Glyph.DATAMANIP: kprval localhost 7 722 162 -mapdata 0 -woﬁ’ '0'". hoff ’0' ~doff"0' -
# Glyph 'Clip Above'
Glyph:DATAMANIP: kchpabove localhost 9:602:2:: -uc 'mw - (1 2 * sw)
_ # ExtPort 'External Output (1)' - : i

- ExtPort:out:External Output (1):01: 11:739:29_: o

_ # ExtPort 'External Input (2)' -

ExtPort:in:External Input (2):i1:13:505: 29:
“# Connections 'Statistics'
NodeConnection:data:1:0:5:i
NodeConnection:data:1:0:3:i
NodeConnection:data:1:0:7:i

# Connections 'Print Value'

# Connections 'Print Value'

# Connections Print Value'

# Connections 'Clip Above'
NodeConnection:data:9:0:1:1 i
NodeConnection:data:9:0:11:

# Connections External Output (1)’
# Connections 'External Input (2)'
NodeConnection:data:13::9:1
AnnotationsBegin

AnnotationsEnd

LoopEnd:While Loop

# Conditional Merge Paths'
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Conditional: CONDITIONAL:merge::localhost:3:482:322::

# Conditional If Else'

Conditional: CONDITIONAL:if else::localhost:5:242:322:: -condition 'prt <0.5'

# Conditional 'Expression’

Conditional: CONDITIONAL:expr::localhost:7:162:322:: -expression 'prt = 1/(1+exp(-
(63.52+(99.83*(1/51))-295.16*(log10(1.4-k1))+106.59*(log10(-2.09 -
k2))+101.07*1og10((s1/s2)/(k2/k1))+202.94*10g10(s2)-0.605*m1+0. 656*n1-
1.855%(s1/52)+0.62*(k2/k1)-16.4*k1+6.31*((s1/s2)/(k2/k1))-40.77*s2)))\n

- # Glyph 'Median'

Glyph:IMAGE:imedian::localhost:9: 562:322:: -wsize '3' -hsize '3' -reps '1'

# Glyph 'Thresh Above'

Glyph: DATAMANIP: kthreshabove::localhost:11:402:362:: -uc '128' -fval '0' -tval '255'

# Glyph 'CLEAR'

Glyph: DATAMANIP kbitclear::localhost:13:342:362:: .

# Glyph 'Thresh Above'

Glyph:DATAMANIP:kthreshabove::localhost:15:362:302:: -uc 'm2 - 5' -fval '255' -tval '0'
# Glyph Print Value'

- Glyph:DATAMANIP kprval::localhost:17:762:162:: -mapdata 0 -woff '0' -hoff'0' -doff 'O'

- -toff'0' -eoff'3' -var 'x2' -val

- # Glyph Print Value' - ' ’ L
- Glyph:DATAMANIP kprval: localhost 19: 762 122:: -mapdata 0 -woff 'O' hoﬁ' '0' doff '0'

. _toff'0' -eoff 12" -var 'k2' -val

# Glyph 'Print Value'
Glyph.DATAMANIP kprval: localhost 21: 762 82 -mapdata 0 —woﬁ’ '0' -hoff 'O' doff 'O' -
toff'0' -eoff '1' -var 's2' -val
# Glyph Print Value' ‘ ' - =
- - Glyph:DATAMANIP :kprval: localhost 23: 762 42 -mapdata 0 -woﬁ' '0' hoff '0' doff 'O' =
- toff '0' -eoff '0' -var 'm2' -val :

# Glyph 'Statistics'
~Glyph.DATAMANIP: kstats::localhost:25:702:2:: -whole -mean - sd -skew -maxval

# Glyph Print Value'

Glyph:.DATAMANIP:kprval::localhost:27:562:122:: -mapdata 0 -woff '0' -hoff ‘0" -doff '0'
-toff '0' -eoff '2' -var 'xw' -val

# Glyph Print Value'

Glyph:DATAMANIP:kprval::localhost:29:562:82:: -mapdata 0 -woff '0' -hoff '0' doﬁ '0' -
toff'0' -eoff '1' -var 'sw' -val
- # Glyph Print Value'
Glyph: DATAMANIP: kprval::localhost: 31 562:42:: -mapdata 0 -woff '0' -hoff '0' doff '0' -
toff '0' -eoff '0' -var 'mw' -val '
~ # Glyph 'Statistics'
Glyph:DATAMANIP kstats::localhost:33:502:42:: -whole -mean -sd -maxval
# Glyph Print Value'
Glyph:DATAMANIP:kprval::localhost:35:442:202:: -mapdata 0 -woff'0' -hoff '0' -doff '0'
-toff'0' -eoff '3' -var 'nl' -val
# Glyph Print Value'
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Glyph:DATAMANIP kprval::localhost:37:442:162:: -mapdata 0 -woff '0' -hoff '0' -doff '0'
-toff'0' -eoff '2' -var 'k1' -val
# Glyph Print Value' )
Glyph:DATAMANIP kprval::localhost:39:442:122:: -mapdata 0 -woff '0' -hoff '0' -doff '0'
-toff'0' -eoff '1' -var 's1' -val
# Glyph Print Value'
Glyph:DATAMANIP:kprval::localhost:41:442:82:: -mapdata 0 -woff '0' -hoff '0' -doff '0' -
toff '0" -eoff '0' -var 'm1' -val :
# Glyph Print Value'
Glyph:DATAMANIP:kprval::localhost:43: 442 242:: -mapdata 0 -woff '0' -hoff '0' -doff '0’
-toff'0' -eoff '4' -var 'x1' -val
# Glyph 'Statistics'
" Glyph:DATAMANIP kstats::localhost:45:382:82:: -whole -mean -sd -skew -minval -
maxval
# Glyph 'Clip Above'
Glyph:DATAMANIP kclipabove::localhost:47:362:2:: -uc 'mp'
# Glyph Print Value'
Glyph: DATAMANIP :kprval::localhost:49:302:62:: -mapdata 0 -woff '0' -hoff '0' doﬁ’ '0' -
toff '0' -eoff '0' -var 'mp' -val
# Glyph 'Statistics' -
Glyph:DATAMANIP kstats: localhost 51 242: 62 - -whole -mean -
# Glyph Map Data' . —
Glyph:DATAMANIP: kmapdata ‘localhost: 53 262 2z
~# Glyph 'Set Attribute' .
- Glyph:DATAMANIP: ksetdattr localhost 55:202:2:: -maskpres 0 -cspace 1
"~ # Glyph 'Extract’ '
" Glyph.DATAMANIP:kextract: localhost 57:142:2:: -wsize '150' hs1ze '90' Woff w1dth'
hoff'0' -subpos 0 :
# ExtPort 'External Output (1) ‘
- ExtPort:out:External Output (1):01:59:699:349:
# ExtPort 'External Input (2)'
ExtPort:in:External Input (2):i1:61:45:29:
# Glyph Display Image' : ‘
Glyph:ENVISION:putimage::localhost:63:143:103:: -xoffset '0' -yoffset '0' -complex 5 -
normaltype 1 -normalmethod 1 -redcol 1 -greencol 2 -bluecol 3 -redfn 'MO' -greenfn ML -
bluefn 'M2'
# Glyph Display Image'
Glyph:ENVISION:putimage::localhost:65: 762:262:: -xoffset '0' yoffset '0' complex 5-
normaltype 1 -normalmethod 1 -redcol 1 -greencol 2 -bluecol 3 -redfn 'MO' -greenfn 'M1' -
bluefn ‘M2' ‘
# Glyph 'Statistics'
Glyph:DATAMANIP :kstats::localhost:67:602:242:: -whole -zpts
# Glyph Print Value'
“Glyph: DATAMANIP: kprval::localhost: 69:682:242:: -mapdata 0 -woff '0' -hoff '0' -doff'0'
-toff '0' -eoff '0' -var 'fnzero' -val
- # Connections 'While Loop'
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NodeConnection:data:1:01:25:
NodeConnection:data:1:01:7:i
# . Connections 'Merge Paths'
NodeConnection:data:3:0:9:1

# Connections 'If Else'
NodeConnection:data:5:01:15:i
NodeConnection:data:5:02:13:i
# Connections 'Expression’
NodeConnection:data:7:0:5:i

# Connections Median'
NodeConnection:data:9:0:59:
NodeConnection:data:9:0:65:i
NodeConnection:data:9:0:67:i
# Connections 'Thresh Above'
NodeConnection:data:11:0:3:12
# Connections 'CLEAR'
NodeConnection:data:13:0:11:i
# Connections 'Thresh Above'
NodeConnection:data:15:0:3:il

" _.# Connections Print Value'

- NodeConnection:control:17:out:7:in

" - # Connections 'Print Value'

" NodeConnection:data:25:0:21:i

# Connections 'Print Value'

“# Connections Print Value'
# Connections 'Statistics'
NodeConnection:data:25:0:23:i

NodeConnection:data:25:0:19:i -
NodeConnection:data:25:0:17:1
- # Connections 'Print Value' -~ ,
NodeConnection:control:27:out:1:in
# Connections 'Print Value'
# Connections 'Print Value'
# Connections 'Statistics' »
NodeConnection:data:33:0:31:i
NodeConnection:data:33:0:29:i
NodeConnection:data:33:0:27:1 -
# Connections 'Print Value'
# Connections Print Value'
# Connections Print Value'
# Connections Print Value'
# Connections Print Value' -
# Connections 'Statistics'
NodeConnection:data:45:0:41:
NodeConnection:data:45:0:39:i
NodeConnection:data:45:0:37:1



NodeConnection:data:45:0:35:
NodeConnection:data:45:0:43:1

# Connections 'Clip Above'
NodeConnection:data:47:0:45:

NodeConnection:data:47:0:33:1
NodeConnection:data:47:0:1:il

# Connections Print Value'
NodeConnection:control:49:out:47:in
# Connections 'Statistics'
NodeConnection:data:51:0:49:1

# Connections 'Map Data’
NodeConnection:data:53:0:47:i
NodeConnection:data:53:0:51:i

# Connections 'Set Attribute'

NodeConnection:data:55:0:53:

# Connections 'Extract’

NodeConnection:data:57:0:55:1
NodeConnection:data:57:0:63:i -
" # Connections 'External Output (1)'

- #.Connections 'External Input (2)

.~ NodeConnection:data:61::57:1. -

- # Connections 'Display Image'
# Connections 'Display Image'
# Connections 'Statistics' =

-~ NodeConnection:data:67:0:69:i .

-# Connections Print Value

" AnnotationsBegin

AnnotationsEnd -

LoopEnd:While Loop - -

" # Conditional 'If Else' ' ' I -
Conditional: CONDITIONAL:if else localhost 7:362: 142:: -condltlon 'fnzerol <251' -
# Glyph 'a_prtcln'

‘Glyph:ENCAP:buprtcrk1: localhost 9:462:102::

~ # Glyph 'Display Image'

Glyph:ENVISION:putimage::localhost:11:163:43: —xoffset '0' -yoffset 'O' complex 5--
normaltype 1 -normalmethod 1 -redcol 1 -greencol 2 -bluecol 3 -redfn ‘M0’ greenfn 'Ml'
* bluefn'M2' :

# Glyph 'a_prterk'

Glyph:ENCAP:buprtcrk::localhost: 13:462:202::

# Glyph 'Statistics'

Glyph:DATAMANIP kstats: localhost 15:262:62:: -whole -zpts

# Glyph 'Print Value'

Glyph:DATAMANIP:kprval::localhost: 17:322: 62 -mapdata 0 -woff '0' hoff '0' -doff '0' -
toff '0' -eoff '0' -var 'fnzerol' -val

# Glyph 'User defined'
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Glyph:DESIGN:user_def::localhost:29:323:283:: -
fust/local/MuTech/pbmplus/bin/image.rast

# Glyph 'Edit Image'

Glyph:ENVISION:editimage::localhost:31:462:282:: -priv 0 -alloc 1 -x - 1' -y -1' -update
|1|

# Connections 'User defined'

NodeConnection:data:1:0:3:i

# Connections 'Extract'

NodeConnection:data:3:0:5:i1

~ NodeConnection:data:3:0:11:i

# Connections 'While Loop'

NodeConnection:data:5:01:7:i

NodeConnection:data:5:01:15:1

# Connections 'If Else'

NodeConnection:data:7:01:9:i

NodeConnection:data:7:02:13:i

# Connections 'a_prtcln'

# Connections 'Display Image'

# Connections 'a_prtcrk'

- # Connections 'Statistics"

NodeConnection:data:15:0:17:i

# -Connections 'Print Value' '

NodeConnection:control:17:out:7:in .

- #.Connections 'User defined' -

- NodeConnection:data:29:0:31:1

# Connections 'Edit Image' . , , .
AnnotationsBegin , S e R IR
AnnotationsEnd - » R
WorkspaceEnd: 2.1
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